Introduction {#S0001}
============

One of the most common malignant tumors of the urinary system is bladder cancer (BC), and it is also one of the top ten common tumors in the body, accounting for the first incidence of urogenital tumors in China.[@CIT0001] Clinically, BC is often treated with tumor resection and postoperative adjuvant chemotherapy. However, due to the high metastatic nature of BC, the recurrence rate and mortality rate of BC remain high. Therefore, it is necessary to search for effective therapeutic targets and design effective treatment programs to improve clinical treatment efficiency and improve patient survival.

MiRNAs are a highly conserved class of non-coding small RNA molecules involved in many life and disease processes, not only in cell proliferation, apoptosis, differentiation, signal transduction and metabolism, but also in tumor cell transformation.[@CIT0002],[@CIT0003] And it also plays a vital role in the occurrence and development of various diseases.[@CIT0004],[@CIT0005] There is increasing evidence that the disordered expression of miRNAs contributes to the progression of human cancers.[@CIT0006]--[@CIT0009] For example, abnormal expression of miRNA in BC is thought to benefit for the development of BC.[@CIT0010],[@CIT0011] Studies find that miRNA can be used as a marker for diagnosing BC and prognosis.[@CIT0012]--[@CIT0014] MicroRNA-124 is considered to be brain-enriched and is an extremely conserved gene.[@CIT0015] The similarity of the mature sequence of the gene in different five is 89.54%, and most of the target sites are also very conservative.[@CIT0016] Therefore, MicroRNA-124 has extremely important biological functions, and miR-124 is one of the most well-studied microRNAs currently studied.[@CIT0017] MicroRNA-124 has been shown to have a potential antitumor function in glioma, lung cancer, hepatocellular carcinoma and BC.[@CIT0018]--[@CIT0020] Studies have shown that miR-124 regulates cell cycle and movement by targeting CDK4.[@CIT0021]--[@CIT0023] The recovery of miR-124 may be an effective anticancer therapy.[@CIT0024] The specific function of miR-124 in the progression of BC, particularly its molecular mechanism by which miR-124 exerts its function and regulates the malignant phenotype of BC cells, is poorly understood.

In this study, we aimed to conduct an in-depth study of miR-124 to elucidate its molecules in the progression and metastasis of malignant tumors, especially BC, and to explore a diagnostic method based on miR-124 and treatment with miR-124 for the theoretical value and clinical guiding significance of treating cancer.

Materials and methods {#S0002}
=====================

Clinical samples and cells {#S0002-S2001}
--------------------------

The current study was approved by the Ethics Committee of the Shaoyifu Hospital affiliated to Zhejiang University (Hangzhou, China). From March 2016 to April 2017, 83 bladder tissues and their adjacent non-tumor tissues were collected in the urology department of Shaoyifu Shaw Hospital, and informed consent was obtained from the patients. This research protocol has been approved by the ethics committee. Hek 293, human normal cell SV-HUC-1 and bladder cancer cell line T24, 5637, J82 and UM-UC-3 were all obtained from American Type Culture Collection (Manassas, VA) and cultured until they reached the log phase in Dulbecco's Modified Eagle Medium (DMEM) containing 10% fetal bovine serum at 37°C in a 5% CO~2~ humidified incubator.

Reagent {#S0002-S2002}
-------

Transfection reagent Lipofectamine^TM^ 3000 was purchased from Invitrogen (Thermo Fisher Scientific, Inc.). Cell Count Kit-8 (CCK-8) assay kit was obtained from Nanjing Jiancheng Bioengineering Institute (Nanjing, China). Transfected plasmids and miRNAmimics were bought from GenePharma (Shanghai, China),

Transfection {#S0002-S2003}
------------

Lipofectamine^TM^ 3000 (Thermo Fisher Scientific, Inc.) was performed according to the instructions. In brief, the lipid complex was prepared by combining the reagent of 4 µL LFN Plus with 2 μg of plasmid DNA suspended in 1 mL serum-free medium and incubated for 15 mins at room temperature. The solution was then mixed with 40 µL of LFN in 1 mL serum-free medium and incubated further at room temperature for 15 mins. And lipid compounds will be diluted in serum-free medium to produce a 5 mL volume required concentration and with the cells at 37°C, 5% CO~2~ incubation under 24 hrs for subsequent experiments.

Bioinformatics prediction {#S0002-S2004}
-------------------------

In order to predict the potential target genes of miR-124, Targetscan and miRTarBase online software were performed, according to the manufacturer's instruction. "miR-124" was inserted and "human" was selected. The putative target genes of miR-124 were scanned.

Dual-luciferase reporter gene assay {#S0002-S2005}
-----------------------------------

Hek 293 cells were transfected with 100 nM E2F3-3ʹ-UTR or CDK4-3ʹ-UTR plasmid, as well as with or without 100 nM miR-124 mimic. Then, luciferase activity was measured by luciferase reporter assay system (Promega Corporation) in Lmax II luminescence meter (Molecular Devices, LLC, Sunnyvale, CA, USA) for 48 hrs after transfection. Renin luciferase activity was defined as the standardization of firefly luciferase activity.

Cell viability assay {#S0002-S2006}
--------------------

After the cells were transfected at 24 and 48 hrs post-culture, 10 μL of CCK-8 solution was added to the wells and the cells were incubated for 2 h at 37°C in an incubator with 5% CO~2~ in the dark. Subsequently, microplate reader (Bio-Rad Laboratories, Inc., Hercules, CA, USA) was employed to determine the OD of each well in different cell groups at an absorbance of 450 nm. Cell viability was detected by CCK-8 assay kit according to the manufacturer's instructions.

Western blot {#S0002-S2007}
------------

The phosphate buffer saline (PBS) was employed to wash cells twice, and the cells were added to protein lysis buffer (RIPA; Cell Signaling Technology, Inc., Danvers, MA, USA) for 2 hrs on ice, centrifuged at 12,000 x *g* for 30 mins at 4°C, and then the supernatant was collected. The protein concentration was tested by the BCA protein kit (Bio-Rad Laboratories, Inc., Hercules, CA, USA) and adjusted to a concentration of 5 μg/μl using 1× loading and DEPC water. Six microliters (at least 30 μg) of the samples were electrophoresed (80 V for 30 min and then transferred to 120 V for 1.5 h) on a 10% running gels. The gels were transferred to polyvinylidene fluoride membrane (Bio-Rad Laboratories, Inc., Hercules, CA, USA) on ice for 110 mins at 110 V. A 5% nonfit milk was employed to block the membrane and eluted three times with PBS for 5 mins each time. The bands were then incubated overnight with the corresponding primary antibody, washed with PBS three times for 15 mins, incubated with secondary antibody: horseradish peroxidase--conjugated goat anti-mouse/rabbit IgG (1:2000; sc-516102/sc-2357; Santa Cruz Biotechnology, Inc. Dallas, TX, USA) for 2 hr at room temperature, washed with PBS 3 times for 15 mins each time, and furthermore washed once with PBS/0.1% Tween-20 (PBST) for 15 mins. Developments were carried out with a developer (EZ-ECL kit; Biological Industries BI), and the gray values of the strips were analyzed and counted by imageJ (version 5.0; Bio-Rad, Hercules, CA, USA). The antibodies used in the present study were anti-β-actin (rabbit; 1:1000; LS-B1625; LifeSpan BioSciences, Inc.), anti- E2F3 (rabbit; 1:1000; ab50917; Abcam), anti-CDK4 (rabbit; 1:1000; ab137675; Abcam), anti- VEGF ((rabbit; 1:1000; \#2463; CST) and anti- Ki-67 (rabbit; 1:1000; ab16667; Abcam).

RNA isolation and real-time PCR {#S0002-S2008}
-------------------------------

The cell culture medium in each well was aspirated as much as possible, and 1 mL of Trizol (Invitrogen, Carlsbad, California) was added to the MC3T3-E1 cells. The cells were placed horizontally for a while and blow evenly. The cells containing the lysate were transferred to a 1.5 mL EP tube and allowed to keep at room temperature for 5 mins. Two hundred microlieters of chloroform were added to each tube and inverted for 15 s. After emulsification, let stand for 5 mins. After centrifugation at 12,000 x *g* for 15 mins at 4°C, the upper aqueous phase was pipetted into a new 1.5 mL of EP and an equal volume of isopropanol (about 400 μL) was added to each tube and allowed to keep for 10 min at room temperature. The supernatant was discarded and 1 mL of pre-cooled 75% ice ethanol was added after centrifugation at 12,000 x *g* for 15 mins at 4°C. After centrifugation at 7500 x *g* for 10 mins at 4°C, the supernatant was discarded. An appropriate amount of DEPC (20 μL) was added to dissolve the RNA. The purity and concentration of RNA were tested by the NanoDrop nd-1000 spectrophotometer (NanoDrop Technologies, Wilmington, DE, USA). According to the program provided by the manufacturer (Thermo Fisher Scientific, Waltham, USA), reverse transcription cDNA kit was used to reverse transcribe 1 µg total RNA for the synthesis of cDNA (42°C for 60 mins, 70°C for 5 mins, 4°C preservation). SYBR Green PCR Master Mix (Roche, Basle, Switzerland) was used to perform quantitative real-time polymerase chain reaction (qPCR) experiment using Opticon real-time PCR Detection System (ABI 7500, Life technology, USA), The PCR cycle was as follows: pretreatment at 95°C for 10 mins; followed by 40 cycles of 94°C for 15 s, 60°C for 1 min, finally at 60°C for 1 min and at 4°C for preservation. The relative mRNA quantity was determined using the comparative cycle threshold (ΔΔCt) method.[@CIT0025] GAPDH expression was used for normalization. The primer sequences are used for qRT-PCR analysis as shown in [Table 1](#T0001){ref-type="table"}.Table 1Primers for RT-qPCRGenesForwardReverseKi-67TCCTTTGGTGGGCACCTAAGACCTGTGATGGTTGAGGTCGTTCCTTGATGCDK4ATGGCTACCTCTCGATATGAGCCATTGGGGACTCTCACACTCTVEGFCAGCGACAAGGCAGACTATTGTTGGCACGATTTAAGAGGGβ-actin\
miRNA-124TGGCACCCAGCACAATGAA\
GGTAAGGCACGCGGTCTAAGTCATAGTCCGCCTAGAAGCA\
CAGTGCGTGTCGTGGAGTU6GCTTCGGCAGCACATATACTAAAATCGCTTCACGAATTTGCGTGTCAT

In vitro angiogenesis experiment {#S0002-S2009}
--------------------------------

Matrigel plug angiogenesis assay (Corning, NY, USA) was used to evaluate the in vivo anti-angiogenic effect of miRNA-124. The matrigel stock solution was thawed overnight at 4°C. A gel solution was prepared using a Matrigel stock solution and serum-free DMEM, and the solution was placed in a 96-well plate and then allowed to incubate for 2 hrs to cure. The cultured cells were collected and digested to prepare a single cell suspension under aseptic conditions, and the cell suspension was adjusted to a density of 1×10^5^/mL. The cells were seeded in 96-well plates at 100 μL per well. The plates were incubated for 6--8 hrs in an incubator (5% CO~2~, 37°C), and the cells were visualized using an inverted microscope (Thermo Fisher Scientific) and photographed.

Flow cytometry cell cycle analysis {#S0002-S2010}
----------------------------------

According to the standard method, cell cycle analysis was performed. In short, 5×10^5^ cells with 70% cold ethanol under --20°C overnight. The next day, the fixed cells were centrifuged at 1200 x *g* for 1 min and washed twice with PBS. After the cells with 200 µL RNase A (1 mg/ml) for 10 min at 37°C in suspension, then add 300 µl propidium iodine (PI, 100 mu l/mL, BioVision, Milpitas, CA, USA) to dyeing the DNA in cells in the dark. After being incubated at room temperature for 20 mins, cells in FAC Scan flow cytometer (Becton Dickinson, Franklin 'lakes, NJ, USA) in the analysis of cellular DNA content, and through the Mod Fit LT software V2.0 (Becton Dickinson) analyzed the data.

Statistical analysis {#S0002-S2011}
--------------------

Data appear as the means ± SD. Differences between the experimental groups were assessed by ANOVA or a two-tailed Student's *t*-test. Differences were analyzed by GraphPad Prism 6, and all comparisons with a *p*\<0.05 were considered statistically significant.

Results {#S0003}
=======

MicroRNA-124 was obviously reduced in BC and correlated with malignant progression and poor prognosis {#S0003-S2001}
-----------------------------------------------------------------------------------------------------

In the present study, qPCR data demonstrated that the expression of miR-124 was significantly lower in BC tissues than that in the adjacent non-tumor tissues ([Figure 1A](#F0001){ref-type="fig"}). Further exploration revealed that the BC patients with low miR-124 expression had a shorter survival time when compared with those presenting a high miR-124 expression ([Figure 1B](#F0001){ref-type="fig"}). Accordingly, miR-124 downregulation may contribute to the BC aggressiveness as well as the poor prognosis of patients.Figure 1MicroRNA-124 was downregulated inbladder cancer ( BC) tissues. (**A**) Reverse transcription-quantitative polymerase chain reaction was conducted to test the miR-124 expression in BC tissues and matched adjacent non-tumor tissues. (**B**) BC patients with low miR-124 expression presented a shorter survival time when compared with patients with a high expression of miR-124. *P*\<0.01 vs normal.

MicroRNA-124 was significantly decreased in BC cell lines {#S0003-S2002}
---------------------------------------------------------

The miR-124 expression levels were then examined in several common BC cell lines (T24, 5637, J82 and UM-UC-3), using normal bladder epithelial SV-HUC-1 cells as the control. In accordance with the findings in the BC tissues, qPCR data revealed that miR-124 was also significantly downregulated in the four BC cell lines compared with the normal SV-HUC-1 cells ([Figure 2](#F0002){ref-type="fig"}). Since miR-124 expression was downregulated to a greater extent in T24 cells and 5637 cells, the two cell lines were used in subsequent experiments.Figure 2MicroRNA-124 was obviously decreased in bladder cancer ( BC) cell lines. Reverse transcription-quantitative polymerase chain reaction was conducted to examine the miR-124 expression in four BC cell lines and normal bladder mucosa epithelial cells. \*\**P*\<0.01 vs SV-HUC-1.

Overexpression of miR-124 inhibited cells viability, E2F3 and CDK4 were predicted to be target genes of miR-124 {#S0003-S2003}
---------------------------------------------------------------------------------------------------------------

T24 cells and 5637 cells were transfected with miR-124 mimic or miR-NC. As shown in ([Figure 3A](#F0003){ref-type="fig"} and [B](#F0003){ref-type="fig"}), the miR-124 levels were significantly higher in the mimic group compared with the miR-NC group and control. The study further demonstrated that the overexpression of miR-124 significantly decreased the cells viability when compared with the miR-NC group and control after transfection 24 and 48 hrs ([Figure 3C](#F0003){ref-type="fig"} and [D](#F0003){ref-type="fig"}). The potential target genes of miR-124 were further predicted using bioinformatics analysis ([Figure 3E](#F0003){ref-type="fig"}) and RT-PCR ([Figure 3F](#F0003){ref-type="fig"} and [G](#F0003){ref-type="fig"}), and the results showed that *E2F3* and *CDK4* were predicted to be putative target genes of miR-124.Figure 3Overexpression of miR-124 suppressed cells viability and *E2F3* and *CDK4* was predicted to be target genes of miR-124. T24 (**A**) cells and 5637 (**B**) cells transfected with miR-124 mimic or miR-NC. Cell Count Kit-8 (CCK-8) was used to detect the viability of T24 (**C**) cells and 5637 (**D**) cells. (**E**) The potential targets of miR-124 were analyzed by bioinformatics prediction. Reverse transcription-quantitative polymerase chain reaction was conducted to confirm the potential target of miR-124 in T24 (**F**) cells and 5637 (**G**) cells. \^*P*\<0.05, \^\^*P*\<0.01 vs control, ^\#^*P*\<0.05, ^\#\#^*P*\<0.01 vs NC.

MicroRNA-124 has stronger binding ability to CDK4 {#S0003-S2004}
-------------------------------------------------

To determine the binding capacity of miR-124 to *CDK4* and *E2F3*, Targetscan website was used to find target sites ([Figure 4A](#F0004){ref-type="fig"}) The. dual-luciferase reporter gene assay data indicated that the luciferase activity was lower in CDK4- 3′-UTR than that in E2F3- 3′-UTR ([Figure 4B](#F0004){ref-type="fig"}).Figure 4(**A**) TargetScan website was used to find target sites. (**B**) The luciferase activity was detected by dual-luciferase reporter gene assay. \*\**P*\<0.01 vs 1.

Overexpression of CDK4 inhibited miRNA-124 inhibition of cell viability, angiogenesis and cell cycle on T24 cells {#S0003-S2005}
-----------------------------------------------------------------------------------------------------------------

The effect of *CDK4* was further examined in T24 cells. As shown in ([Figure 5A](#F0005){ref-type="fig"}), *CDK4* was successfully transfected with T24 cells. Furthermore, we discovered that the inhibition of miRNA-124 on cell viability ([Figure 5B](#F0005){ref-type="fig"}), angiogenesis ([Figure 5C](#F0005){ref-type="fig"}) and cell cycle ([Figure 5D](#F0005){ref-type="fig"}) was reversed by CDK4. As shown in ([Figure 5E](#F0005){ref-type="fig"} and F) were angiogenesis and cell cycle images, respectively.Figure 5MicroRNA-124 inhibits the malignant phenotypes of T24 cells. (**A**) Transfection efficiency of CDK4 was tested by reverse transcription-quantitative polymerase chain reaction. (**B**) Cell Count Kit-8 (CCK-8) was used to detect the viability of cells. (**C**) Angiogenesis rate was identified by in vitro angiogenesis experiment. (**D**) Cell cycle was described by flow cytometry. The images of angiogenesis rate and cell cycle were presented in (**E**) and (**F**), respectively. \^*P*\<0.05, \^\^*P*\<0.01 vs control, ^\#^*P*\<0.05, ^\#\#^*P*\<0.01 vs NC. ^&^*P*\<0.05, ^&&^*P*\<0.01 vs mimics.

Overexpression of CDK4 inhibited miRNA-124 inhibition of cell viability, angiogenesis, and cell cycle on 5637 cells {#S0003-S2006}
-------------------------------------------------------------------------------------------------------------------

The effect of *CDK4* was further examined in 5637 cells. As shown in [Figure 6A](#F0006){ref-type="fig"}, *CDK4* was successfully transfected with T24 cells. Furthermore, we found that the inhibition of miRNA-124 on cell viability ([Figure 6B](#F0006){ref-type="fig"}), angiogenesis ([Figure 6C](#F0006){ref-type="fig"}) and cell cycle ([Figure 6D](#F0006){ref-type="fig"}) was reversed by CDK4. As shown in [Figure 6E](#F0006){ref-type="fig"} and [F](#F0006){ref-type="fig"} were angiogenesis and cell cycle images, respectively.Figure 6MicroRNA-124 inhibits the malignant phenotypes of 5637 cells. (**A**) Transfection efficiency of CDK4 was tested by reverse transcription-quantitative polymerase chain reaction. (**B**) Cell Count Kit-8 (CCK-8) was used to detect the viability of cells. (**C**) Angiogenesis rate was identified by in vitro angiogenesis experiment. (**D**) Cell cycle was described by flow cytometry. The images of angiogenesis rate and cell cycle were presented in (**E**) and (**F**), respectively. \^*P*\<0.05, \^\^*P*\<0.01 vs control, ^\#^*P*\<0.05, ^\#\#^*P*\<0.01 vs NC. ^&^*P*\<0.05, ^&&^*P*\<0.01 vs mimics.

Overexpression of miRNA-124 inhibited the expression of E2F3, CDK4, Ki-67 and VEGF, which reversed by CDK4 {#S0003-S2007}
----------------------------------------------------------------------------------------------------------

In this study, qPCR ([Figure 7A](#F0007){ref-type="fig"} and [B](#F0007){ref-type="fig"}) and Western blot ([Figure 7C](#F0007){ref-type="fig"}, [D](#F0007){ref-type="fig"}, [E](#F0007){ref-type="fig"}, [F](#F0007){ref-type="fig"}) were used to analyze the expression of E2F3, CDK4, Ki-67 and VEGF, and the findings demonstrated that miRNA-124 inhibited the expression of E2F3, CDK4, Ki-67 and VEGF, which were reversed by CDK4 in T24 cells and 5637 cells.Figure 7Overexpression of miRNA-124 inhibited the expression of E2F3, CDK4, Ki-67 and VEGF, which were reversed by CDK4. Reverse transcription-quantitative polymerase chain reaction was used to evaluate the expression levels of *E2F3*, *CDK4*, *Ki-67* and *VEGF* in T24 (**A**) cells and 5637 (**B**) cells. Western blot was used to determine the expression levels of E2F3, CDK4, Ki-67 and VEGF in T24 (**C**) cells and 5637 (**D**) cells. The relative levels of proteins were counted by β-actin as normalization in T24 (**E**) cells and 5637 (**F**) cells). \^*P*\<0.05, \^\^*P*\<0.01 vs control, ^\#^*P*\<0.05, ^\#\#^*P*\<0.01 vs NC, ^&&^*P*\<0.01 vs mimics.

Discussion {#S0004}
==========

BC is one of the most common cancers caused by the epithelial lining of the bladder.[@CIT0026] Although surgical treatment has improved the survival rate of many patients, its five-year survival rate is only about 60% due to the easy transfer and invasion of cancer.[@CIT0027],[@CIT0028] Thus, it is urgent to identify new targets for effective treatment of bladder tumors. MicroRNA-124 is involved in the occurrence and development of BC[@CIT0018],[@CIT0029] However, its specific mechanism of action is still unclear. In this study, we aimed to study the mechanism of action of miRNA-124 in BC and provide a promising new treatment for clinical treatment of BC.

In the current study, many miRNAs have been found to be abnormally expressed in BC, playing a role in promoting or inhibiting tumors.[@CIT0030]--[@CIT0033] Abnormal expression in miRNA tumor tissues is reflected in two aspects: up-regulation and down-regulation. For example, miR-122 is down-regulated in BC cells, mediating tumor invasion and metastasis,[@CIT0034] and miR-187-5p is up-regulated in BC cells, increasing the risk of tumor recurrence.[@CIT0035] In our study, we discovered that miRNA-124 was down-regulated in BC tissues and cell lines, when compared with matched adjacent non-tumor tissues or normal bladder epithelial cells, respectively. At the same time, the survival rate of patients was tracked clinically, and the data showed that there was a positive association between the expression of miRNA-124 and survival rate. These experimental results suggested that low expression of miRNA-124 was involved in the proliferation of BC, consistent with the previous two studies.[@CIT0036],[@CIT0037] Based on these previous studies and current research observations, it was suggested that down-regulation of miRNA-124 may contribute to the progression of the BC and poor therapeutic effects.

To further confirm the role of miRNA-124 in BC, we established a miRNA-124 overexpressing cell model in T24 cells and 5637 cells and observed that overexpressed miRNA-124 markedly reduced cell viability and angiogenesis rate and inhibited proliferation in T24 cells and 5637 cells. Similarly, studies have found that miRNA-124 overexpression inhibits cell viability, angiogenesis and cell cycle in BC cell lines.[@CIT0018],[@CIT0036],[@CIT0037]

It is well known that miRs function by modulating their target genes, and the direct target of miRNA-124 was explored in BC. Bioinformatics prediction, dual luciferase assay and qPCR data confirmed that *CDK4* was a direct target gene for miRNA-124. CDK4 is a key member of the cell cycle-related subfamily,[@CIT0038] and it is reported to be involved in many physiological processes, including proliferation and apoptosis.[@CIT0039],[@CIT0040] In addition, *CDK4* has been demonstrated to be regulated by post-translational modification of miR and acts downstream of multiple signaling pathways involved in cell proliferation and movement, and the carcinogenic effects of *CDK4* have gradually emerged in some common human cancers, including BC.[@CIT0030],[@CIT0041],[@CIT0042] It was further observed that overexpression of *CDK4* impaired the suppressive functions of miR-124 on BC cell viability, angiogenesis and proliferation in T24 cells and 5637 cells. Furthermore, CDK4 increased the expression of VEGF that promoted angiogenesis rate. Ki-67, a determining factor for prognosis of BC,[@CIT0043] was increased by CDK4 in mimics+CDK4 group, when compared with mimics. Meanwhile, the expressions of *E2F3* and *CDK4* were increased in mimics+CDK4 group compared with mimics group. These data demonstrated that miR-124 had suppressive effects on BC cell viability, angiogenesis and proliferation, at least partly, via targeting *CDK4*. A study has found that miR-124 played an important role in the occurrence and development of BC. Wang's study found that miR-124 could regulate STAT3-mediated cell migration and apoptosis in bladder cancer.[@CIT0044] It has also been found that miR-124 can regulate BC cell apoptosis or metastasis by targeting *CAV1* or *DNMT3B*.[@CIT0045],[@CIT0046] However, further research is needed on the mechanism by which *E2F3* participates in BC. We have enough reason to believe that *E2F3* was also likely to participate in the development of BC. For economic reasons, we will delve into it if we have the opportunity.

In the current study, we found that miRNA-124 was downregulated in BC tissues and cell lines, and this low expression was associated with the BC aggressiveness, as well as poor prognosis of patients. Overexpression of miR-124 induced by mimic transfection was observed to inhibit the cells viability, angiogenesis and proliferation. In addition, *CDK4* was identified as a target gene of miR-124. Furthermore, overexpression of *CDK4* impaired the inhibitory effects of miR-124 on the malignant phenotypes of T24 cells and 5637 cells. Thus, the current study expanded the understanding of the miR-124/CDK4 function in human cancer, at least in BC. Accordingly, these results suggested that miR-124 may be applied as a promising therapeutic candidate for BC treatment.
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